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INTRODUCTION 


In view of the importance of insecticides to the fruit industry, 
laboratory investigations of the toxicity of compounds to the codling 
moth (Carpocapsa pomonella (L.)) have been continued. And it bas 
seemed fitting to keep primarily within the field of organic com- 
pounds because of the relatively small percentage of these compounds 
that have been studied in this connection. 


METHODS 


The toxicological results given in this circular were obtained for the 
most part from 1934 to 1936, inclusive, at the Agricultural Research 
Center, Beltsville, Md. All tests were made by means of the apple- 
plug method.! In explanation of the tables, it should be stated that 
the number of spray applications refers to the number of times the 
apple plugs on an endless belt passed beneath the spray nozzle. 

en two applications of spray material were made, the first spray 
deposit was allowed to dry before the second was applied. Except 
where otherwise noted in the tables, each compound was used at the 
rate of 4 pounds to 100 gallons of the carrier. | 

In the investigations of these organic compounds it was found that 
many of them were difficult to wet and therefore not easy to suspend 
uniformly in the carrier. In an attempt to improve this condition, 
wetting agents such as bentonite, alcohol, and other compounds were 
used in many of the experiments as an addition to the carrier. Al- 
though lead arsenate itself is readily suspended in water, wetting 
agents were added to it in some of the tests for purposes of comparison 
with the organic compounds similarly wetted. 
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RESULTS OF TESTS 


In the evaluation of the toxicity of compounds to the newly hatched 
codling moth larva, the experience of the authors indicates that close 
reproducibility in results is not usually obtained, even with a com- 
pound as uniform as lead arsenate. Many factors contribute to this 
variability and, unfortunately, some of the more important ones are 
beyond the control of the investigator. The results given in this cir- 
cular therefore represent only a rough estimate of the toxicity of the 
various organic compounds reported. A more accurate evaluation 
could be obtained only through much more extensive testing. 

Only a comparatively small number of the organic compounds in- 
cluded in this study have exhibited any marked toxicity to the codling 
moth larva. This is evident from a comparison of the results with 
these and with those obtained with unsprayed plugs and plugs sprayed 
with lead arsenate as given in tables 1 and 2, respectively. 

In table 2, in which the toxicological results with lead arsenate are 
given, it will be noted that a lowering of the surface tension of the 
carrier, as with the addition of a very large proportion of ethyl alcohol 
or casein ammonia, led to a reduction in its effectiveness. It should 
be appreciated, how ever, that this does not necessarily follow when 
these or other wetting agents are necessary to obtain a more uniform 
seep en of organic compounds than could be gotten with water 
alone 

With the exception of those tests a lead arsenate in which its effec- 
tiveness was apparently lowered by the presence of too much wetting 
material, this compound generally held the percentage of wormy apple 

plugs to less than 50. 

The results of the tests of organic compounds will be found in 
table 3. 

It will be noted that the compounds listed in this table have been 
arranged in groups. This classification is purely an arbitrary one, 
as it is obvious that some of the materials could be placed in any one 
of several groups. This classification has been used, however, in 
reporting tests of synthetic organic compounds against other insects 
and, for convenience, is used in this work. When sufficient data with 
regard to a particular insect have been assembled, it might be advis- 
able to reclassify certain compounds to show the relationship between 
chemical constitution and toxicity. 

The “standard error of percent wormy” was calculated from a 
generalized standard deviation derived from analyses of variance 
based on survivals in groups of 0 to 10.0, 10.1 to 20, and 90.1 to 100. 
By this method occasional values of 0 and 100 percent are shown with 
standard errors, indicating the probability that the result is not 
exactly reproducible and that in longer series values greater than 0 or 
less than 100 percent would frequently be encountered. Wherever 
the standard error has not been recorded, the test was not examined 
in such manner as would permit of statistical treatment. 

The key symbols necessary to an understanding of the data of the 
tables in this circular are as follows: 
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Carriers for the insecticide materials 

1= Water. 

2= Water-+ bentonite, 2 pounds to 100 gallons. 

3= Water-+ bentonite, 4 pounds to 100 gallons. 

4—= Water-+ bentonite, 5 pounds to 100 gallons. 

5= Water-+ glycerin, 4 pounds to 100 gallons. 

6= Water-+ casein ammonia (1-percent solution), 2 pounds to 100 gallons. 

7= Water, 80 percent, + acetone, 20 percent. 

8= Water, 90 percent, + ethyl alcohol,’ 10 percent. 

9= Water, 90 percent, + acetone, 10 percent+ tannic acid, 8 pounds to 100 gallons. 
10= Water, 80 percent, +-acetone, 20 percent + bentonite, 4 pounds to 100 gallons. 
11= Water, 80 percent,+ ethyl alcohol,? 20 percent+casein ammonia (1-percent 

solution), 2 pounds to 100 gallons. 

12= Water, 80 percent, + ethyl] alcohol,? 20 percent. 
13= Water, 50 percent, + ethyl alcohol,? 50 percent. 
14=KEthyl alcohol,? 90 percent,+carbon tetrachloride, 10 percent. 
15= Ethy] alcohol.’ 


Sources of larvae 


L=Loceal, i. e., from Virginia or West Virginia. 
A= Arkansas. 
W= Washington. 


TaBLE 1.—FPercentage of infestation of unsprayed apple plugs by codling moth 
larvae in laboratory tests 


Apple plugs Standard 
Source of larvae es? ade 
Total Wormy Stung wormy 
Number Percent Percent 
Des Ae 2 2 RE eagerness eR ee Ree era eS aS NS Bi te ee DONC LO ir RS 7S Bs 03 (Cd (eps Pee a oe 
LN appa SEE ES 2 SER ane Bh NE een ear? Gm Se Senne ae 405 84 Ou Seamer eee 
VV fake ee trpecins i soe eter le eee ARS En 795 94 1 +0.8 


TABLE 2.—Results of laboratory tests of lead arsenate against codling moth larvae 


Apple plugs Standard 
: Spray | Source error of 
Carrier applica- | of percent 


tions | larvae | motal | Wormy Stung | wormy 


Number Number | Percent | Percent 
eee oe ee eS ee vy kes B 985 25 fai ae A 
71 = ey Be Pe SN ee A a eres 105 18 ahi aoarntss 
Fen eee Ss get Pee ae ee tl 109 43 8 SP4is 
Fae Ses a ge pa a ruled 205 44 pt ay earen a 
Faris bh Sse ie eee a 1 A 99 53 rie pee eal 
Geeta haere NE |) AW 190 37 Rol Sree: 
fiend ie ae eete eF Tl ds 2 iD 47 11 4 +4.5 
ee Sah he Sd ee PE eee a Dil 2 om 38 26 16 +6.8 
7 ran Soe © ra Oe 5i|) mee 39 46 5 +7. 1 
Tie eu a a = oe ee Pal 31 48 13 6. 4 
Ty aa aati o> ee i ee 2 A 78 65 5 +5. 8 
TG eR AE Nee we 291 W 485 46 10 24.7 
ii sone eee vies fey Seen Ga iaemet ae 2| W 91 45 7 +45 
pst. ra a a ; 2| W 109 63 3 +4.5 
eee ree oe a | We er ae i a, 


3 The ethyl alcohol was 95-percent strength. 
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TaBLE 3.—Results of laboratory tests of various organic compounds used as insecticides 


against codling moth larvae 


AMINES, IMINES, AND AMIDES 


Car Fs 
Compounds ae appli- 
Number 
N-Acetyl-1-naphthylamine, C12:Hi;NO_______ 1 
N-Benzal - S-(o-nitropheny])-sulphuramine, 

CisHioNgOsSte nee ee ee 2 1 
Benzamide; CrHyNO 2-8 ee eee 2 1 
Dp, p’-Dithiocyanodiphenylamine, C14H»N3S3_- 2 1 
S-(0-Nitropheny])-sulphuramine, CsaHeN303S_ 2 1 
Thiocarbanilide,? C33HigN2S_—-_...-_._-__-_- 4 1 
TEriphenylamine-41@rgbtrs Nee a ee eee 4 1 
Acetoacetanilide, CioHi1N O2__-_-_-_--..--- 2. 12 2 
Acetone semicarbazone, C4HyN3O0____-____-_-_ 12 2 
N-Acetyl-p-toluidine, C»Hi,.NO_________ 2. 3 1 
Aniline salt of 2,4-dinitrodiphenylamine-6- 

carboxylic acid, CisHigN«Og____-____-_-___-___- 12 2 
Anthranilic acid, C7HyNO72.. 2 12 2 
Benzaldehyde semicarbazone, CsHsN30_____- 11 2 
p-LodoanilineiCeHciN = 3 ee 12 2 
2-Nitro-p-toluidine, C7HsN103_______.-_-_ -__- 1 2 
p Ni trosedimethylaniling, CsHioN20_.-.___-- 3 1 
p-Phenylaniline, CyHwN-___.------.---_-_--- 12 2 
Tsopropyl allophanate, CsHio0N2O3__._____ __-- 12 2 
4, 4’-Bi(o-thioanisidine), Ci4HisN3S2_________- 12 2 
2, 4, 6-Tribromoaniline, CsHaBrsN________._- 12 2 
a, a, y-Triphenylguanidine, CigHi7N3____-__- 1 i 

a’-Dimethylthiopropionamide, CsHi:;NS_-_- 3 1 
2, 4-Dinitrophenylhydrazine, CeaHsN4O4_____- 12 2 
N. N’-Diphenylethylenediamine, Ci4HisNo__- 12 2 
a, y-Diphenylguanidine, Ci3HisN3-_---.__.-- 1 1 
N, N’ - Diphenyl - p - phenylenediamine, 

FORTS FN eee see ee ie ae ee Rese ie eee 12 2 
a, y-di-o-Tolylguanidine, CisHi7N3___---_-_._ 1 1 
Ethyl allophanate, CaHsN303_____.-____-____ 12 2 
p-Fluoroaniline, CeleE Ne ee ee ieee 12 2 
Benzidine, CuHiaN: pees on ss See eS AEE 3 1 

0-Chloroaniline, Cc CINE eae 12 2 
a -@hioroantiine; CeHeCIN==— 12 2 
p-Chloroaniline, CsHeCIN == 2-5-2 eS 12 2 
2-Chloro-4-nitroaniline, CsHsCIN O3__2.__-._- 12 2 
4-Chloro-2-nitrodiphenylamine, 

GisHeCiNsOr S22 ee eee 12 2 
4-Chloro-o-toluidine, C;HsCIN___-_____.__._- 12 2 
2, 5-Dichloroaniline, CeHsClaN____.__--_____.- 12 2 

DYESTUFFS 
Alkalitblitass222 20 ise CO eae Paes 12 2 
Wlu0rescelns 2222 25 oon ss = ee eee ee 12 2 
Induline=: 22282 22 So Ae ee ee oe 12 2 
INIgrosine Bae {SS ae es ee ae 12 2 
Sulfogene DROWN 3 oes oe ees ite ree ae 4 1 
Sulfogene carbont2 Bite eee 4 1 
Sulfogeneigolden brown. 2-2 --82- =. 2S 4 1 
Sulfogenejyellow. 22! 222220 os eee eee 3 1 
HYDROCARBONS 
Acenaphthene; ©12y9ss skew eee nee eee ee 3 1 
Amthnracene ss Crs els que ae 3 1 
Biphenyis Cmb's <= 222 eee eee 2 1 
p-GCymenes Croke ss 2 a ea eaeeee eases 15 2 
Dimethylnaphthalene, Cy:Hi3-.-_..........-. 12 2 
Fluorene Crs Hage See eee 3 i 
Phenanthrenes €dhi0s2= ee eee 3 i 
1, 3, 5-Triphenylbenzene, CsiH13......-...-... 8 ul 
BETUXCNG 22 a ee en te 12 2 


Spray |Source 


cations | larvae 


of 


Apple plugs 


error of 


Total |Wormy| Stung |Percent 


wormy 


—— |S | | | | | | 


ddq pdddrdsusd wddrsspssep saps cdpsppepe oo 


SE-E EE E-E-b-) 


p= eal call al al ea) 


ANON oOOro 


"| 
BOnNnNOCC Wr 


-<2=ece-=2 


1 Dilution 4 pounds to 100 gallons unless otherwise noted. 


7 Dilution 5 pounds to 100 gallons. 
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TABLE 3.— Results of laboratory tests of various organic compounds used as insecticides 
against codling moth larvae—Continued 


HETEROCYCLIC COMPOUNDS WITH SULPHUR IN 5-MEMBERED RING 
er ee 


Apple plugs Stand- 
Car- | Spray | Source ard 
Compounds ia appli- of error of 
cations } larvae Total |Wormy| Stung percent 
Wormy 
Number Number| Percent rcen 

1-Anilinobenzothiazole,? C13HioN3S-_--_-_-.___ 4 1 WwW 89 85 Ne ey au 
Benzalia4 meth yl.-.27())thionaphthenone, ts be GES ESOT ATs 

Cisklys OS 2a ees oe ed ee 2 A 92 83 v1 4 [meee 
1 - Fural - 4 - methyl - 2 (1) thionaphthenone, 

(OR HE Rie Sie a Be crs Se 2 1 A 95 80 7 Sel a ae 
(Anilinomethy]l) - 1 - benzothiazolyl sulphide, 

CONV a Ge Sifsy gt ee eee Se ae 3 1 L 104 94 xp Lope Ska 
1 - (Benzoylmercapto)benzothiazole, 

CE GN@ Sao ee ee ee 1 1 L 67 70 5 +6.2 
bis-(1-Benzothiazolyl) disulphide, CysHsgNsSa_ 1 1 WwW 86 85 ay +4,3 
bis-(i-Benzothiazolyl) phthalyl disulphide, 

Car EgaiNe Oss eee os ee ee a 1 WwW 52 79 4 +8.1 
1-Benzothiazolyi-(p-toluinomethy]) sulphide, 

Grp HirdNeS ote wiee Stee es ee Ses 3 1 L 104 79 0 +5.7 
1-Benzothiazolyi-(o-toluinomethyl) sulphide, 

Se biraNG Sree nee eee emer ae 3 1 L 96 75 2 5.7 
Dibenzothiophene, CyHsS_-_..-_-_..--.-.-_-. 3 1 L 106 26 31 +4. 8 
1-Mercaptobenzothiazole, C7 HsNS--_--.----- 3 1 L 106 81 3 +4.1 
4-Methyl-2-keto-pyranothionapthene 

OSE OS eee ete 3 1 L 98 86 0 +41 

1 1 L 45 87 0 +6. 5 


4-Methyl-2-(1)-thionaphthenone, Ger wane a 


HETEROCYCLIC COMPOUNDS WITH SULPHUR IN 6-MEMBERED RING 


, y’-Dibenzophenothioxin, C29Hi:;0S_--____- 2 1 L 83 55 Qi ies senie® 
Dithiocyanophenothiazine,? Ci;H;N3S3_--__-- 4 1 A 48 67 LO | SS 
intanthrenesC wkleSss2 sess - 222 oS 3 i A 82 59 $y bess 
hioxanthydrol; | CiskyoOSs22=-222---- S522 2 1 L 100 34 a Sen 
Mioxanthone..CragkaOS= 22252 = 2 Sa 2 1 L 91 41 y (on ee 
IPRenothioxin iCrwkisgO Si ean es ee ae 7 2 A 51 43 26 +6.4 
iPhenothioxins CisHeOS ae s= = ee ee eee 14 2 A 40 60 20 +8.8 
iPhenothioxins2\@ishisOS 2226s nase nee 4 1 A 72 6 72 Ys (Ea ees 
PhHenothioxin=.©islisO Seas eee 3 1 A 215 5 7 | ee 
Phenothioxin, C1:HsO8; infested shortly after 

SDI CA LTO masse eee aia OE ae ie 3 1 A 99 9 >, Oh aE AUS eat 
Phenothioxin, CisH:OS; infested 4 days after 

TOP CHO Meee Beer Re ee 3 1 A 93 58 | Pea See 
6-Acetylphenothiazine, Crib NiOS 2 hes 12 2 WwW 53 87 0 +5.8 
Phenothiazine-S-oxide, CH yNOS_-__-_-_---- 12 2 Ww 47 95 0 +3.9 
Phenothiazone, CiuHiN QS Barc s oan as. 12 2 WwW 48 94 4 +3.9 
WHHOXAMLHONGs | O 1s bg so so oe ane e 3 1 L 07 78 0 +5.4 

HETEROCYCLIC COMPOUNDS WITH SULPHUR OUTSIDE THE RING 
N-Fural-S(o - nitrophenyl) - sulphuramine, it 

Gilg Nis Ogre ee ee ee 2 1 A 100 75 At) esas 
a-Phenyl-b-2-pyridyl thiourea, Ci:sHi1N2S___-- 2 1 L 82 52 Behe ct 
2-Thiobarbituric acid,? CsH«N2028_______-__- 4 1 A 75 69 Lid pee err 
i-Benzoxazole mercaptan, C7HsNOS--__--_-_--- 12 2 WwW 7 87 3 +6.5 
1-Benzoxazole mercaptan acetate, CesH;N0:2S_ 12 2 WwW 52 96 0 +3.5 
Benzy! ester of benzylthioxanthic acid, 

GEL Mose ee ee eee ee ee Se 15 7 A 36 86 3 +5.8 
Oi oOCOUMmMaAnin hee big Ow ee 12 2 A 34 0 6 +3.9 
DAMA OCOMM ALLE @oklg@ Sue eee eee 3 1 L 159 24 2 +3.8 
2-Thiocoumarin, CoHsOS; whole apple resid- es 

ual test, infested same day as sprayed_-___-_ 1 2 A 87 6 0 +2.7 
2-Thiocoumarin, C»HsOS; whole apple resid- . a 

ual test, infested 7 days after spraying_____- 1 2 A 86 72 1 +5. 4 
9-Thioxanthone, CisHsOS_------------------- 1 1 L 92 91 0 +2.3 


Pema siti OSE ace AA) 
HETEROCYCLIC COMPOUNDS NOT CONTAINING SULPHUR 


SoumarimrGobleOr: Sek eS 2 1 A 92 73 Ope 
Di-2-pyridylamine, CioH»N3------------------ 2 1 L 100 53 he 
eoiclacidee Ogre Ore Se ee eae 4 1 Ww 94 88 7.) ) i a 
Phthalim1des @gkisN Oo -2--=_.---s2-- 5-522 4 1 A 91 63 One == -e 
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TABLE 3.—Results of laboratory tests of various organic compoundswused as insecticides 
against codling moth larvae—Continued 


SULPHIDES, DISULPHIDES, SULPHOXIDES, AND MERCAPTANS 


Apple plugs Stand- 
3 : @ar Spray | Source ard 

Compounds naan appli- ' of error of 

cations | larvae r A percent 

Total | Wormy| Stung wormy 

x ; Number Number| Percent| Percent 

Acetonyl-o-nitrophenyl sulphide, CsHsNO:2S- 2 A TO a MASA |eee ke cOb| memes 
2,4-Dihydroxy-2’-nitro-diphenyl sulphide, 

CiHoNOiS) bea ae ee 2 1 A 95 75 A OR ences soe 
Diphenyl] disulphide,? Cy2Hi9S2__-____________ 4 1 A 97 40 Lym (seen te eee 
(2 - Hydroxy - 1 - naphthyl) - 2 - nitrophenyl 

sulphides CigHyiNOzs === ee 2 1 A 88 78 Rul oarsmen ied 
Methylphenylmethylene - bis (mercapto- 

aceticacid); CisklisO1S 92 ee eee 2 il L 90 63 71 pet eden 
2-Naphthyl mercaptan, CioHsS_______________ 2 1 A 85 72 110 (he ele 
N-(o-Nitrophenylmercapto)-p-toluiline, Cy; 

TaN 2 O98 Sse 8 ee es se Re 2 1 A 104 64 Dee ea 
o-Aminophenyl methyl sulphide, C;7HgNS-_--- 15 2 A 47 98 0 +3. 5 
Benzyl thioxanthic acid, CsHgS3_____.________ 15 2 A 35 91 0 +3. 9 
(4- Chloro - 2- nitrophenyl - mercapto) - acetic | 

Acids Cski¢ CINOiS Se eee =a 12 2 Ww 42 95 0 +3.5 
4-Chloro -2 - nitrophenyl sulphur bromide, 

CcHsBrOiN O08 2 2 ee oe ee 12 2 Ww 51 78 2 +8.1 
Diphenyl] sulphoxide, Cy2Hi00S_____________- 3 il L 96 58 9 +6.3 
Ethyl ester of (4-chloro-2-nitrophenylmer- 

capto) acetoacetic acid, CizHi2C1NOsS_-___- 12 2 W 48 92 0 £3. 5 
Triphenyl ester of trithio-arsenious acid, 
We(OF Os h/\GIS) ee Reha ae See ee 3 1 L 107 80 12 +5.7 
Tri-p-tolyl ester of trithio-arsenious acid, Ca 

Ne CU AGS ee ee oe Oe 3 1 L 105 92 2 42.5 

ACIDS, ALCOHOLS, AND ESTERS 
Borneo G10 k13 Os ee ee See 8 7) A 42 88 0 +5.8 
N-Butyl oxalate; Cj Hi1s02 === Se 12 2 WwW 43 95 0 +3.9 
2-Chloro-3, 5-dinitrobenzoic acid, C7 H3C1IN20¢_ 12 2 W 44 59 0 +8. 8 
Citronellolk&Ci)h210= eee 12 2 W 47 92 6 +3.9 
Dihydrocitronellol, CioH20___._____________- 12 2 W 48 94 0 +3.9 
a, p-Dimethyl-benzyl alcohol, CgHi20_____-_-- 12 2 W 31 97 0 +3.9 
4, 6-Dinitro-o-cresol acetate, CopHsN20¢____--_ 1 1 L 42 10 1 +4,4 
Epichiorohydrin| C3;3H;ClOL = 12 2 WwW 37 97 0 +3. 9 
Hthylioxalate,, Cok Oi eee 12 2 WwW 36 100 0 +3.9 
Geraniol CiorisO eae = eee ene 12 2 WwW 25 96 4 +3.9 
Hydrocinnamice acid, CyHy002._-_____________- 12 2 WwW 51 100 0 +3.5 
Ain aAloOle C1013 Oe ws ee eee 12 2 WwW 33 100 0 +3.9 
Octaacetyl sucrose, C2sH3gO9__--._____________ 12 2 W 48 92 0 +3.5 
a-Isopropyl-a-methyl benzyl alcohol, CirHi1sO0_ 12 2 WwW 30 100 0 +3. 9 
ALDEHYDES, KETONES, THIOALDEHYDES, AND THIOKETONES 

Acetophenone; CsHh;:0= 12 2 A 45 96 2 +3.5 
Anthraquinones CH cOgre sa. eee 1 1 L 60 63 5 +6. 7 
Renz Cw O23. eee 8 2 A 41 81 2 +5.8 
= ES aVZoba Oey a by Os pee ee eee 12 2 WwW 46 100 0 +3.9 
a-Bromo-p-phenylacetophenone, Cy4Hi1BrO-- 1 1 L 69 88 3 +4.9 
p-Chloroacetophenone, CsH7C1O__________._- 15 2 A 38 97 3 +3. 5 
2-Chloroanthraquinone, C1s4H7C103_________-- 3 1 L 86 97 1 +2.7 
Cyclopentanone; ‘CsHsO=2. 22) 12 2 WwW 37 97 0 +3.9 
Desoxybenzoin, CuO 12 2 W 33 O7 0 +3.5 
2-Ethylhexenal, (Cakl1 Osean ee 12 2 Ww 29 97 0 +3.9 
a-Hydroxy-p-phenylacetophenone acetate, 

CiglltiO 3-2 2 Pe Ra aa ee 1 1 W 54 94 0 +3.5 
a-Hydroxy-p-phenylacetophenone chlorace- 

Gate Cre bls Cl © zien eee mee! 1 1 W 53 87 0 +5.8 
a-Hydroxy-p-phenylacetophenone formate, 

CirsH1g Ogee Ee Se a eee 1 1 W 51 96 0 +3.5 
Miesitylvoxidex@elij Oe 12 2 Ww 45 89 4 +6. 5 
p-Methylacetophenone, CpHi.O0_____-_______- 2, 2 Ww 39 95 0 +3.9 
2-Methylanthraquinone, C15Hy9O2__-__________ 3 1 L 106 89 1 +41 
Trithioformaldehyde,?C3H6S3____.-.._._-__-- 4 1 W 76 51 he) Se 
Prithiovanillin, CoE Osss_--_ = 12 2 W 42 86 zi +5.8 
Tri-(thiovanillin benzoate), C4sH3s09S3_____-- ee 2 W 63 94 2 +3.2 
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TABLE 3.—Results of laboratory tests of various organic compounds used as insecticides 
against codling moth larvae—Continued 


ALKYL AND ARYL HALIDES 


Apple plugs Stand- 

Cae SDIAVe | SOULCG |) e a | card 
Compounds rior appli- of error of 
cations | larvae r All f= percent 
Total | Wormy] Stung wormy 

‘ Number Number| Percent) Percent 

o-Bromobiphenyl, Ci2H pBr_._-___-___-_--__-- 11 2 Ww 23 gl 4 +5.5 
p-Bromobiphenyl, CuzHyBr_----_-_---._--._- 12 2 W 44 27 32 +6.8 
p-Chlorobiphenyl, Cj2HeCl_________________-- 3 1 L 101 67 4 +5. 2 
p-Chloroiodobenzene, CsH4Cll______________- 12 2 WwW 41 93 0 +3.5 
4, 4’-Dibromobiphenyl, Ci2Hs Br2_-._________- 12 2 WwW 54 100 0 +3. 5 
4, 4’-Dichlorobiphenyl, Ci2HsClg___-_._______-- 10 1 L 101 66 3 +5. 2 
4, 4’-Difiuorobiphenyl, CizHsF2___-.-._--__.-- 12 2 Ww 53 100 0 +3.5 
DP, p’-Diiodobiphenyl, CizH glo _-____.________- 12 2 Ww 43 98 0 +3. 9 
p-Fluorobrombenzene, CsH4BrF____._____~_ 12 2 WwW 50 100 0 +3.5 
o-F luorochlorbenzene, CsH4C]F_____________- 12 2 Ww 45 91 0 +3.5 
o-Fluorochlorobenzene, CseH4Cl1F___________-- 12 2 WwW 47 98 0 +3.5 
p-F luoroiodobenzene, CeH4FI_______________- 12 2 Ww 50 100 0 +3. 5 
Wexachlonobenzeney CeCleen es = see 3 1 L 69 73 0 +6. 8 
Hexachloroethane: .Cs© logs 2 3 1 L 87 66 0 +3. 5 
6-lodobiphenyl © iHolea teas ee eee 12 2 W 41 98 0 +3.5 
p-Lodobiphenyl CoH == ee 12 2 W 45 93 2 +3.9 
1, 2,3, 4,-Tetrachloronaphthalene, CjoH4Cly_ _ 12 2 A 7 83 3 +7. 4 


HETEROCYCLIC COMPOUNDS WITH 5-MEMBERED RING NOT CONTAINING 


SULPHUR 

3-Acetamidocarbazole, C1sHiz2N2O____-_______- 12 2 W 54 100 0 +3.5 
9-Acetylearbazole, C14Hi,NO______--________- 12 2 WwW 38 76 8 +9.0 
1-Anilino-benzoxazole, C13Hi9N20.-_-__--_--- 12 2 W 51 100 0 +3. 5 
9-Benzoylearbazole, CigHi3N O___.________--_- 12 2 WwW 49 82 2 +5.8 
9-Benzoy1-3-nitrocarbazole, Ci9Hi2N203______- 12 2; W 38 79 18 +9.0 
3-Chlorocarbazole, CizHsCIN__________.____-- 12 2 W 41 95 2 +3.9 
p-Chloro-a-furalacetophenone, C33H9ClO2____- 10 1 L 104 91 ] +:2.5 
3-Chloro-7-nitrodibenzofuran, CizHsCl1N O3__- 1 1 WwW 61 87 2 +5. 8 
Difuraleyclopentanone, Ci1sHi203.__--______-_- 12 2 W 50 88 A +5.8 
8, a-Dinapthofuran, C2oHi2.0_-...-____.__-___ 3 1 L 79 90 5 +4.1 
a-Furalacetophenone, Ci3H1902____-_-_______ 12 2 A 30 70 is +8. 2 
a-Fural-p-methy] acetophenone, C14H1202___ 10 1 L 105 79 4 +5.7 
3-Methyl-1-phenyl-5-pyrazolone, CioHi9N20_- 3 1 L 92 85 - +4.1 
3-Nitrocarbazole, C1z2HsN2O2_-_-______________ 12 2 W 51 92 2 +3.5 
1-(N-phenylacetamido) benzoxazole, CisHi:- 

ING Ope OREN UN Ss ey ke ek Ee 12 2 W 44 98 0 +3.5 
2-Phenylbenzoxazole, C;3HaNO____-_______-- 12 2 WwW 50 8 52 +3. 9 
Phthalic anhydride, CsH403-________________- 1 1 L 61 71 3 +6. 4 
Ryromucamiden€ sHsNiOgr2 222228 es - 10 1 L 95 75 2 +5.7 


OOOO 


HETEROCYCLIC COMPOUNDS WITH 6-MEMBERED RING NOT CONTAINING 


SULPHUR 
Sete een eter e tee ET Tots Pe ee Se en ee ee 
3, 4-Benzocinnoline oxide, CizHsN20__-_-_-_--- 3 1 L 97 88 9 +4.1 
3, 4-Benzocinnoline Cy,HgN>2-_---------------- 3 2 W 48 8 (tp) eT 
A} 9'=Bixanthene;.CoskseOo-—- == =.= 3 1 L 76 74 0 +5. 7 
Butyl ester of 2, 3, 5, 6-tetrahydro-4-keto-6, 

6-dimethyl-1, -4-pyran-2-carboxylic acid, 

Ole SI One=8 ek ees Pe ee Ge eee 12 2 WwW 48 98 2 +3.9 
6-Chloro-1, 4, 2 - benzothiazine - 3 - (4) - one, 

CCE CINIO Seen eae 1 2 A 33 88 0 +5.8 
5, 5-Dimethy] acridan, CisHi;N...-.---------- 12 2 W 49 71 0 +8.1 
Huby) ester Oleor pycibydre 2 eters, eee : 

met -1, 4- pyran -2- carboxylic aci : 

Ganon ae sc ae Amar id 12 2| WwW 40 95 0} +3.5 

-Trimethyl- 1, 2-dihydroquinoline 
‘ a es ee 12 2) WwW 45) 100 o| 43.9 
Memithones © 1abi10 On eae eee 9 1 L 97 83 11 | 
ManvHonen@ pH sOy ete se cess sete LES 1 1 L 85 60 24 +6.3 
Xanthyanol. GisbOs! es fo ee 2 ose g 1 L 96 88 1 = my 
bis (9-Xanthyl) ether, C2sH1g03______-_------- 1 1 Ww 77 88 0 +4.9 


padleewecrberer issn rr tei fiat) Tose ti) ees ee ee 
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TABLE 3.—Results of laboratory tests of various organic compounds used as insecticides 
against codling moth larvae—Continued 


NITRO AND NITROSO COMPOUNDS 


c Apple plugs Stand- 
: Gare | SPEsY i) Source, = See aed 
Compounds rior apph : of error of 
cations | larvae r ¢ | percent 
Total |Wormy| Stung wormy 
5 ‘ Number Number| Percent| Percent 
2, 2’-Dinitrobiphenyl, C12HsNa0O4.__-_--__-_-- 8 2 A 49 82 0 15.8 
Dinitronapthalene, Oe OI BIINILOV LS se Sd 3 1 L 35 V7 3] +10.4 
p-Nitrobiphenyl, Cy2HaNO3___._____-_____ 3 1 L 106 87 5 +4.1 
1-Nitroso-2-naphthol, CioH7NO3___________-_- 1 1 L 90 42 3 | acs ew 
p-Nitrophenylacetonitrile, CsHgN203__-__-___ 12 2 A 52 81 0 +5.8 
PHENOLS AND PHENOL DERIVATIVES 
N-Acetyl-p-phenetidine, CioHigN O3__-_----__- 3 1 L 79 84 0 +4.9 
p-Aminophenol, CsH7NO____._-....-.__----- 2 1 A 91 57 (ig 2eeee 
1,1’-Bi-2-naphthol, C2sH1403____-_--_--.--_-- 3 1 L 90 87 0 +4.1 
p-bromphenol Ces BrOk sae ee =< 8 2 A 50 84 0 +5.8 
y-Bromopropylpheny] ether, CpH1BrO____.- 15 2 A 40 90 0 +5.8 
o-Cyclohexyl] phenol, Ci2:H1sO___._----_--- 2 12 2 WwW 48 G6 0 +43. 5 
Diamylhydroquinone, C3¢6H2509______-___.._- i 2 WwW 52 69 4 +7.3 
4,6-Dinitro-o-cresol,? C7 HgN2O3__._____________ 4 1 WwW 94 0 03 |S eee: 
4,6-Dinitroso-resorcinol, CeH«N204__.___-._--_ 1 1 WwW 89 75 1 +5. 7 
p-Hydroxybenzophenone, Ci3Hi902____-_____ 3 1 L 107 93 2 +2.5 
2’-Hydroxy-2,4-dinitrodiphenylamine - 6- car- 
boxylicacidc© rikeNsO7= ee 3 1 L 08 86 1 +4.1 
2-Methyl-4,6-dinitroanisole, CsHsN2053_______ 10 1 L 97 25, 2 +4.8 
Methyl-l-naphthy] ether, Ci:;HipO___..-___ 12 F} EN IS 43 $5 2, +3.9 
Pentachlorophenol, CsHOCIs____-_-___.-_____- 3 Tee 1G; 51 2 a 4 +5. 4 
Salol CibytO7- 2a ee ee ee 1 2 A 41 98 0 +3.5 
2,4,6-Tri-iodophenol, CeHsIzO_____________-_-_ 12 2 WwW 45 96 4 +3. 5 
2'6=X<vlonol,. © see Oe ae en ee eee 12 2 A 41 90 0 +6.5 
THIOCYANO COMPOUNDS 
p-Dimethylaminopheny] ester of thiocyanic 
ACTF ALO ELTON gS ee a ee ee ee 4 1 Ww 87 58 j fi] PRE eee 
p - Phenyl - a@ - thiocyanoacetophenone, 
OipAiniNOS Sei Ses se ee eae ee 3 ft L 91 84 1 +4.1 
Tetrahydrolinalyl ester of thiocyanic acid, E 
COTS SNES Re og Cel a meres Aer Se 15 2 A 39 95 3 +3.9 
THIOCYANnOgena (GINS) sie e eeee ae eee 1 1 L 38 90 9 6. 5 
a-p-tolyl-ethyl ester of thiocyanic acid, 
Gc EEGINIS ts eee hee i ae Se eee, 12 2 W 48 71 19 +8. 1 
1 Dilution 5 pounds to 100 gallons. 
DISCUSSION 


From an examination of the data presented in table 3 it is evident 
that most of the compounds tested were ineffective. In some instances, 
however, this may have been due to the fact that the physical manner 
or condition in which they were used was not the best possible. 

Only 17 compounds gave 50 percent or less of wormy apple plugs. 
These are as follows: Thiocarbanilide, 47 percent; acetone semicarba- 
zone, 46 percent; p-nitroso-dimethylaniline, 40 percent; dibenzothio- 
phene, 26 percent; thioxanthydrol, 34 percent; thioxanthone, 41 per- 
cent; phenothioxin, in four tests, in which different kinds or quanti- 
ties of the same carrier were used, gave 43, 9, 6, and 5 percent; 2-thio- 
coumarin, in three tests, in each of which a different carrier was used, 
the percentage wormy was 0, 24, and 6; diphenyl! disulphide, 40 per- 
cent; 4,6 dinitro-o-cresol acetate, 10 percent; p-bromobiphenyl, 27 
percent; 2-phenyl-benzoxazole, 8 percent; 1-nitroso-2-naphthol, 42 
percent; 3,5-dinitro-o-cresol, 0 percent; 2-methyl-4-6-dinitroanisole, 25 
percent; pentachlorophenol, 32 percent; and 3,4-benzocinnoline, 8 
percent, : | 
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Attention is called to the fact that the foregoing results apply only 
to the toxicity of the compounds shortly after their application as 
sprays. According to these data phenothioxin and thiocoumarin are 
apparently promising insecticides for the codling moth. The writers 
wish to point out in this connection, however, that residual tests, in 
which the apple plugs (kept under laboratory conditions) were infested 
several days after the application of these compounds, indicated a 
considerable loss in effectiveness. Perhaps these losses could be over- 
come if the compounds were applied to the fruit under conditions 
different from those used in the experiments. 

The attention of the reader is also called to the fact that certain 
compounds have admitted a relatively small percentage of worms, 
but at the same time have allowed a high percentage of stung fruit. 
2-Phenyl-benzoxazole, for example, has given 8 percent of wormy and 
52 percent of stung iruit. Since conditions in the field are generally 
more unfavorable to the spray material than are conditions in the 
laboratory, the possible value of a given compound should not be based 
solely on the percentage of wormy plugs as obtained in laboratory 
tests. Stings made under laboratory conditions may be potential 
entrances in the field. 
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